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ABSTRACT 

 

 

 

Objective — To study cross-sectional, prospective, and longitudinal associations between 

heart rate variability (HRV) and cognitive performance in the Multi-Ethnic Study of 

Atherosclerosis (MESA). 

 

Methods – Multivariable linear regression was used to study the association between 

HRV and scores on the Cognitive Abilities Screening Instrument (CASI), Digit Symbol 

Coding (DSC) and Digit Span (DS) tests. HRV was computed as the standard deviation 

of normal-normal intervals (SDNN) and root mean square of successive differences 

(RMSSD) at MESA Exam 1 and Exam 5. Cognitive tests were administered at Exam 5. 

 

Results – Exam 1 (β = 0.29 ± 0.13; P = 0.026) and Exam 5 (β = 0.26 ± 0.13; P = 0.042) 

SDNN were associated with CASI performance after adjustment for demographics, risk 

factors, and disease. On the DSC, associations were found with SDNN from Exam 1 (β = 

0.68 ± 0.27; P = 0.012) and Exam 5 (β = 0.62 ± 0.26; P = 0.017), and Exam 5 RMSSD (β 

= 0.57 ± 0.26; P = 0.028). Associations were observed in participants with declining 

SDNN but not among those with stable or increasing SDNN. There were no associations 

between HRV and DS score. 

 

Conclusion – Antecedent and contemporaneous HRV are associated with global 

cognitive performance and processing speed independent of cardiovascular risk factors 

and disease.
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CHAPTER 1 

 

Introduction 

 

The Growing Burden of Dementia 

Over 47 million people worldwide, including 5.5 million Americans, live with 

Alzheimer’s Disease (AD) and related dementias,1 placing significant economic and 

emotional burden on patients and caregivers. Current trends indicate that dementia 

prevalence is expected to surpass 130 million by 2050,2,3 including an increase to 13.8 

million patients in the U.S.,7 due to demographic aging. Furthermore, AD is one of the 

costliest chronic diseases,4 with an estimated global economic impact of $1 trillion in 

2018 alone.3,4 Despite these troubling projections and recognition for continued research, 

there are still no effective treatments on the horizon. Thus, the need for targeted strategies 

to prevent AD is more compelling than ever. According to the 2015 National Institute on 

Aging (NIA) Alzheimer’s Research Summit, significant progress in this pursuit requires 

the discovery of modifiable early biomarkers for cognitive decline.5 The Summit 

concluded that noninvasive biomarkers that precede, predict, and track the progression of 

cognitive decline would greatly enhance novel strategies to delay the onset of dementia, 

and pointed to treating the vascular contributions to dementia as a key prevention 

strategy.5,6  

 

Vascular Contributions to Dementia and the Need for More Research 

Decades of data from epidemiologic studies reveal common overlap of subclinical 

cardiovascular disease (CVD) and AD pathology in the elderly, even when clinical 
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symptoms of dementia are absent.7-11 This “mixed” etiology is present in most AD 

patients,12-15 and is linked to vascular diseases including stroke,16,17 cerebral 

microinfarcts,17,18 small vessel disease,19 and atherosclerosis.20,21 AD-related brain 

pathologies, notably white matter hyperintensities (WMHs) with β-amyloid (Aβ) 

deposition and resulting decreased brain volume,12-15 commonly coexist with a spectrum 

of CVD risk factors such as hypertension,22-24 hypercholesterolemia,25 type 2 

diabetes,26,27 obesity,28 low physical activity,29,30 depression,31 and smoking,32,33 all of 

which are independently associated with increased risk for dementia. In contrast to 

genetic correlates of cognitive impairment (e.g. APOE ε4 allele carriage),34 vascular risk 

factors are easily identifiable and often modifiable. If one or more of these risk factors are 

on the causal pathway to AD, their mitigation could significantly reduce the incidence 

and prevalence of AD.35 Thus, the National Institutes of Health (NIH), 5,6 American 

Heart/Stroke Associations,22,36 and the Alzheimer’s Association5,35 each consider 

identifying vascular risk factors for AD a research priority.  

 

Reduced Heart Rate Variability (HRV): A Promising Biomarker for Cognitive 

Impairment 

Proper cardiovascular regulation requires the dynamic balance of the sympathetic 

and parasympathetic divisions of the autonomic nervous system. Autonomic dysfunction, 

typically manifested as cardiac sympathetic hyperactivity or reduced parasympathetic 

tone, is strongly associated with increased cardiovascular morbidity and mortality,37 

abnormal prefrontal cortical activity,38 and impaired cerebral perfusion.39 Moreover, 

cardiac autonomic dysfunction is a defining characteristic of hypoxemia40-42 and 
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orthostatic intolerance,43,44 both of which are significant independent predictors of 

dementia.45-47   

HRV, the temporal variation in normal beat-to-beat rhythm, is used in the clinic 

as a standard index of cardiac autonomic function,48 with higher HRV indicating better 

function. Indeed, persistently higher HRV in older adults, as a reflection of preserved 

autonomic function, is an independent marker of longevity.49 Several methods to derive 

HRV from time- or frequency-domain analysis of continuous heart rate recordings (e.g. 

from electrocardiogram or continuous blood pressure monitoring) exist. Among the most 

common time-domain measures are the standard deviation of normal-to-normal intervals 

(SDNN) and the root mean square of successive differences of normal-to-normal 

intervals (RMSSD), which are used as indices of global autonomic regulation and 

parasympathetic tone over the heart, respectively48 (Figure 1).  

 

Other time-domain measures of HRV include the standard deviation of the 

averaged normal sinus RR intervals for all 5-minute segments of heart rate recording 

(SDANN), corresponding to global autonomic regulation, and the percentage of 

successive normal sinus RR intervals >50 ms (NN50), which correlates with 

Figure 1. Calculation of HRV 

variables (SDNN and RMSSD).  

Adapted from 

https://www.alancouzens.com/bl

og/HRV_Calc.html  

N-N Intervals 𝑺𝑫𝑵𝑵 = √∑ (𝑵𝑵𝒕−𝑵𝑵̅̅ ̅̅ ̅)
𝟐𝒏

𝒕=𝟏

𝒏−𝟏
 

𝑹𝑴𝑺𝑺𝑫 = √∑ (𝑵𝑵𝒕−𝑵𝑵𝒕+𝟏)
𝟐𝒏−𝟏

𝒕=𝟏

𝒏−𝟏
 

https://www.alancouzens.com/blog/HRV_Calc.html
https://www.alancouzens.com/blog/HRV_Calc.html
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parasympathetic activity. Common frequency domain indices include the high (HF) and 

low frequency (LF) power spectra, representing parasympathetic and sympathetic 

activity, respectively. 

Although normal aging is associated with gradually declining HRV,50 accelerated 

reduction of HRV in mid-life indicates cardiac autonomic dysfunction.49-51 Abnormally 

low HRV is independently associated with many traditional risk factors for cognitive 

impairment, brain Aβ deposition, and associated volume changes. These risk factors 

include carriage of the APOE ε4 allele,52 hypertension,53-55 type 2 diabetes,56-58 obesity,59 

and depression.60-62 Thus, individuals with lower HRV, as a reflection of worse cardiac 

autonomic function, may be at increased risk for future AD-related dementia (Figure 2). 

However, substantial evidence indicates that reduced HRV precedes these 

conditions,37,38,63 establishing clinical utility for HRV as a practical, ambulatory, 

noninvasive, and modifiable early biomarker that is responsive to increased exercise,64,65 

improved diet,66,67 

meditation,68,69 and drug 

therapy.70,71  

Previous cross-sectional studies that have examined the relationship of HRV to 

performance on various standardized cognitive exams have generally found positive 

associations after controlling for cardiovascular risk factors and disease. In most studies 

of this relationship, lower HRV relative to the distribution of HRV values among the 

study populations may generally be considered the exposure of interest and lower relative 

or abnormal absolute scores on cognitive performance tests the outcome. However, a 

factor that must be considered in the interpretation of these study results is that the 

Figure 2. Bidirectional relationships among HRV, poor 

vascular health, and worse brain health. 
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epidemiological terms “exposure” and “outcome” are not easily molded to these 

measures because they are often cross-sectional, precluding the assessment of 

temporality. Furthermore, they are both continuous variables and lack specific consensus 

values for what may indicate a discrete exposure or disease state. For example, most 

researchers define low HRV in relative terms such as the lowest quantile of HRV values 

in the study population.48   

Although smaller clinical studies of HRV and cognition report positive cross-

sectional associations in middle-aged and elderly adults,72-74 longitudinal studies have 

yielded inconsistent results.75-77 However, previous studies were limited by small or 

unrepresentative samples,72,74,75,78 potentially inadequate follow-up periods (3-5 years),75-

77 incomplete adjustment for vascular and cognitive confounders (APOE allele status in 

particular),73,75,76 or were lacking repeated HRV or cognitive measures.73,77 Further 

research is needed to clarify these findings before adopting HRV as a novel cognitive 

biomarker. It is also necessary to determine if associations may exist beyond cognitive 

function and to specific cognitive domains (e.g. processing speed, executive function, and 

working memory) and sympathetic or parasympathetic HRV indices, or are potentially 

race-, sex-, or APOE-dependent.  The study outlined in this Thesis will examine a large, 

multi-ethnic sample, with detailed subclinical and clinical CVD assessments collected 

during 18 years of follow-up, APOE genotyping, and longitudinal measures of both HRV 

and cognitive performance.   

A summary of existing literature on the relationship of HRV to cognitive 

performance can be found in Table 1 below. A brief review of the five most influential 

studies follows. 
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Table 1. Summary of studies investigating HRV and cognitive performance. 

Study Research Question Study Design HRV 

Measurement 

Key Findings 

72Kim et al., 

2006 

Is there an independent association 

between heart rate variability and 
cognitive impairment in disabled, 

community-dwelling older women? 

Cross-sectional: 311 

physically disabled 
females ≥ 65 years of 

age 

SDNN, RMSSD, 

SDANN, NN50, 
VLF, LF, and HF 

from 2-hr ambulatory 

ECG 

Decreased 

parasympathetic 
cardiac control was 

independently 

associated 
with cognitive 

impairment in older 

disabled women in 
the community. 

75Britton et 

al., 2008 

What is the relationship between 

reduced HRV and cognitive function 

in middle-aged adults in the general 
population? 

Cross-sectional and 

longitudinal 

prospective: 
5375 males and 

females (mean ages 

55 and 61 years); 5-
year follow-up 

SDNN, LF, and HF 

from 5-min supine 

resting ECG 

Reduced 

cardiovascular 

autonomic function 
does not contribute 

to cognitive 

impairment in this 
middle-aged 

population. 
74Shah et al., 
2011 

Is HRV related to memory 
performance in middle-aged men 

(after controlling for familial and 

genetic influences)? 

Cross-sectional: 416 
male twins (mean 

age 55 years) 

ULF, VLF, LF, and 
HF from 24-hr 

ambulatory ECG 

Sympathetic indices 
of HRV are 

associated with 

verbal but not visual 
memory. 

73Frewen et 

al., 2013 

Does an independent association 

between HRV and cognitive 
performance exist in a nationally-

representative population of older 

adults? 

Cross-sectional: 

4763 males and 
females ≥ 50 years of 

age (mean age 62) 

Mean HR, SDNN, 

LF, HF, and LF:HF 
ratio from two 5-min 

supine resting ECG 

Reduced HRV is 

significantly 
associated with lower 

cognitive 

performance at a 
population level in 

people aged 50 and 

older. 
78Al-Hazzouri 
et al., 2014 
 

What is the cross-sectional 
independent association of HRV with 

cognitive function in a high-risk 

minority population? 

Cross-sectional: 
896 Mexican-

Americans (mean 

age 76) 

MCR from 6-min 
supine resting ECG 

Reduced HRV is 
associated with 

worse performance 

on the test of global 
cognitive function, 

“above and beyond 

traditional 
cardiovascular risk 

factors.” 
76Mahinrad et 
al., 2016 

What are the cross-sectional and 
longitudinal associations of 10-s HRV 

with various domains of cognitive 

function in older adults at risk of 
CVD? 

Cross-sectional and 
prospective 

longitudinal cohort: 

3583 males and 
females (mean age 

75 at baseline); 3-

year follow-up 

SDNN from 10-s 
supine resting ECG 

Participants with 
lower 10-second 

HRV have worse 

performance in 
reaction time and 

processing speed and 

experience steeper 
decline in their 

processing speed, 

independent of 
medications, 

cardiovascular risk 

factors, and 
comorbidities. 

77Al-Hazzouri 

et al., 2017 

Does 10-s HRV have a longitudinal 

association with cognitive 
performance in middle-age adults? 

Prospective cohort: 

2118 males and 
females (mean age 

45 years); 5-year 

follow-up 

SDNN and RMSSD 

from 10-s supine 
resting ECG 

Higher quartile HRV 

is associated with 
better executive 

function in midlife, 

above, and beyond 
cardiovascular risk 

factors. 
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HF: high frequency power spectra; HR: heart rate; HRV: heart rate variability; LF: low frequency power spectra; 

MCR: mean circular resultant; NN50: proportion of N-N intervals >50 ms; RMSSD: root mean square of successive 

differences of N-N intervals; SDANN: standard deviation of the average normal RR intervals over a 5-minute 

period; SDNN: standard deviation of N-N intervals; ULF: ultra low frequency power spectra; VLF: very low 

frequency power spectra. 

 

The earliest study identified that systematically examined the direct relationship 

between HRV and cognitive function was performed by Kim et al. (2006)72 in a 

population of older (age ≥ 65 years) community-dwelling, physically disabled women 

who participated in the Women’s Health and Aging Study I.  The authors’ objective was 

to determine if an independent relationship existed between indices of HRV and 

cognitive impairment.  Notably, this study remains one of the only studies on the subject 

to explicitly define an outcome—cognitive impairment—as corresponding to a specific 

value on a cognitive performance test (a score of <24 on the Mini-Mental State Exam).  

The authors also defined reduced HRV in relative terms as the bottom quartile (25%) of 

each HRV index measured.  The authors reported statistically significant adjusted odds 

ratios of cognitive impairment in reduced versus non-reduced HRV for two indices of 

decreased parasympathetic cardiac control: RMSSD (OR = 3.37 (1.26, 9.03); p = 0.02) 

and high frequency power (HF; OR = 6.74 (2.27, 20.0); p = 0.001).  The magnitude of 

these odds ratios suggests a strong association between lower quartile parasympathetic 

HRV indices and cognitive impairment, however, a small sample size of 311 and high 

variability in HRV indices likely contributed to their low precision, indicated by wide 

95% confidence intervals.  Statistical power may have also been compromised by sample 

size, as one measure of sympathetic HRV with OR = 2.59 (0.96, 6.97) was not 

considered statistically significant (p = 0.06).  A major weakness of the study is that only 

disabled women from one community in Baltimore, Maryland were included, creating the 

likelihood of selection bias away from the null which severely limits the study’s 
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generalizability to healthy older adults.  The study’s cross-sectional design, which 

provides no information on the temporal relationship of HRV to cognitive impairment, is 

another major weakness.  However, the method of obtaining measures of HRV—via time 

domain and spectral analysis of 2-hour ECG—and for designating participants as 

cognitively impaired meet generally accepted guidelines for validity,48,79 reducing the 

potential for differential measurement bias.  The authors also adjusted their statistical 

model for demographic and cardiovascular risk factors to mitigate confounding bias.  The 

overall conclusion of the study is that an independent association exists between lower 

parasympathetic HRV and cognitive impairment in older, disabled community-dwelling 

women, suggesting that autonomic dysregulation may be a potential mechanism leading 

to reduced cognitive function. 

The first study of the relationship between HRV and cognition in a large 

population-based sample was performed by Britton et al. (2008)75 in 5,375 middle-aged 

male and female participants (mean ages 55 and 61, respectively) in the UK Whitehall II 

study.  The authors employed a demographically-adjusted logistic regression analysis to 

determine cross-sectional and longitudinal associations between HRV indices (1 standard 

deviation decrease in SDNN, low frequency power [LF], and HF) and cognitive 

functioning (odds of lowest quintile) across several cognitive domains.  In contrast to 

Kim et al. (2006), Britton et al. observed no significant relationships between HRV and 

cognition.  Although some cross-sectional and longitudinal analyses showed some 

statistically significant association, these associations were not consistent among any of 

the 5 tests of cognitive function used.  These results prompted the authors to conclude 

that there is no real association between HRV and cognition in this study sample and that 



9 

 

low HRV is not a risk factor for poor cognitive performance in middle age.  However, 

several limitations to the study were apparent.  The authors noted that the study cohort is 

comprised of individuals who were in stable, white-collar civil service jobs at baseline 

and does not reflect the lower end of the socioeconomic spectrum.  Survivor and 

selection bias was also present because the data were collected from the 5th and 7th phases 

of the study, 12 to 19 years after the baseline exam, suggesting that the sample may have 

consisted of healthier individuals.  Furthermore, HRV measures were obtained from a 

shorter ECG (5 minutes) and fewer indices (3) were calculated, possibly introducing 

some measurement bias from increased variability.  Each of these sources may have 

biased findings toward the null, and suggest that associations between HRV and 

cognition may depend on specific indices of HRV (i.e. time domain or spectral, 

sympathetic or parasympathetic), age of participants, comorbidities, or specific cognitive 

domain. 

 Another significant population-based cohort study in which associations between 

HRV and cognitive performance were examined was the Irish Longitudinal Study on 

Ageing (TILDA).  Frewen et al. (2013)73 investigated these relationships in a cross-

sectional analysis of 4,763 men and women (mean age 61.7 ± 8.3 years) utilizing 

multivariate linear regression to model the association between performance on the 

Montreal cognitive assessment (MoCA) and quintiles of HRV indices calculated from 

sequential 5-minute ECG.  The authors report that lower quintiles of HRV indices 

representing sympathetic baroreflex sensitivity and sympathic-parasympathetic balance 

were significantly associated with lower MoCA scores after full adjustment for 

demographics, cardiovascular risk factors and disease, medication use, and depression 
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and anxiety scales.  Reported β coefficients displayed a clear increasing trend across 

quintiles, illustrating a “dose effect” of HRV values.  The authors also reported mean 

raw MoCA score across each quintile of sympathetic HRV, which showed an increasing 

trend in scores with higher HRV quintile.  They conclude that a significant independent 

association exists between lower HRV indices and global cognitive function, for which 

the MoCA is a valid measure.80  This study is significant for demonstrating for the first 

time that such associations exist at a population level.  Unlike Whitehall II, the TILDA 

study population is noted to be nationally representative of the community dwelling 

population aged 50 years and older in Ireland.  All data were collected during the “wave 

one” period of the study, and the fully adjusted model controlled for many potential 

confounders.  These features of the study all contribute to minimizing selection, 

survivor, and confounding bias and significantly increase the generalizability of the 

results.  The biggest weakness of the study is its cross-sectional design, which fails to 

provide information on temporality between reduced HRV and lower cognitive function. 

 Mahinrad et al. (2016) 76 provide both cross-sectional and prospective-

longitudinal analysis of the HRV-cognition relationship in 3,583 older males and females 

(mean age 75 at baseline) participating in the Prospective Study of Pravastatin in the 

Elderly at Risk (PROSPER).  The authors demonstrated via general linear models that 

patients with lower third HRV values at baseline performed worse on tests of reaction 

time (mean difference of 1.96 [0.2, 3.71] seconds; p = 0.008) and processing speed (-0.57 

[-1.09, -0.05] coded digits; p = 0.008), and that those with lower baseline HRV exhibited 

a steeper decline in processing speed after 3 years of follow-up.  Raw values of cognitive 

tests were presented for one-way analysis of variance for HRV tertiles in addition to 
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analysis of covariance using continuous log-transformed values of HRV due to their 

skewed distribution.  All analyses were adjusted for demographics, cardiovascular risk 

factors and comorbidities, and medication use to reduce potential confounding.  A 

weakness of the study was that only one HRV index was obtained (standard deviation of 

normal-to-normal intervals [SDNN] representing sympathetic and parasympathetic 

balance) from 10-second ECGs.  The short ECG duration yielded considerable 

variability, but is validated to predict cardiac autonomic tone accurately,81 and was 

mitigated in analysis by sample size.  The authors argue that the 10-second ECG is a 

strength of the study as it is a more practical method and easier to apply in daily practice.  

An additional weakness was the presence of selection bias; study participants were at 

high risk of cardiovascular disease at baseline which may reduce the generalizability of 

results to a healthy elderly population.  However, the prospective study design provides 

crucial information on temporality as lower HRV was predictive of worse future 

cognitive performance.  The authors concluded that 10-second HRV may be a useful 

clinical tool to use as one measure of risk assessment for low or declining cognitive 

function. 

 Most recently, Zeki Al Hazzouri et al. (2017)77 performed an analysis of HRV 

and cognitive data from 2,118 participants of the Coronary Artery Risk Development in 

Young Adults (CARDIA; mean age 45.3 years; 57% female; 43% African American).  

This study design was prospective: HRV was computed from 10-second ECG 5 years 

before cognitive performance was assessed.  The two standard HRV measures computed 

were the SDNN and RMSSD, and the cognitive battery included tests of verbal memory 

(Rey Auditory Verbal Learning Test), processing speed (Digit Symbol Substitution Test), 
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and executive function (Stroop Interference Test).  The authors report that RMSSD was 

not associated with any cognitive outcomes, however, quartile of SDNN was related to 

performance on the Stroop Test after adjustment for various CVD risk factors.  

Interestingly, this relationship appears to be nonlinear in this dataset, as SDNN quartiles 

1 and 4 (the lowest and highest, respectively) did not differ from each other with respect 

to performance on the Stroop Test.  Participants in quartiles 2 and 3 exhibited 

significantly lower scores than participants in quartile 1.  This potentially inverted U-

shaped relationship must be investigated further to determine if it is replicable or a 

potentially spurious association attributable to wide variability.  In addition, lowest 

quartile of SDNN was associated with worse performance on the Digit Symbol 

Substitution Test, although this result was true only after adjusting for demographics and 

not CVD risk factors in analyses.  Furthermore, no significant associations were found 

between HRV and performance on the Rey Auditory Verbal Learning Test. 

 To summarize the conclusions drawn from each of the above studies, it appears 

that associations exist between HRV and some but not all indices of cognitive 

performance.  However, these associations are likely dependent upon specific domains of 

both HRV and cognition.  No studies to date have utilized a comprehensive cognitive test 

battery, and most have relied on short-term measures of HRV whereas long-term (>24 

hour) HRV may reveal differences in the magnitude of associations within different 

autonomic domains (e.g. resting vs. active HRV or daytime vs. nighttime).  Implementing 

these features into a study are necessary to determine which cognitive domains are 

susceptible to HRV as a predictor of individual performance independent of cognitive 

and CVD risk factors. 
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Specific Aim and Hypotheses 

Autonomic nervous system dysfunction is significantly associated with CVD,82 

abnormal prefrontal cortical activity,38 and impaired cerebral perfusion,39,83 but its 

contribution to cognitive impairment is largely unexplored.  HRV, the beat-to-beat 

temporal variation in normal sinus rhythm, is a powerful index of cardiac autonomic 

function.  Reduced HRV is a strong predictor of future cardiovascular morbidity and 

mortality84-86 and precedes major risk factors for worse cognitive function later in life,37 

including hypertension,54 type 2 diabetes,56 depression,61 and low physical activity.87  

Given the consistent association between cognitive impairment and these traditional risk 

factors,24,88,89 short-term HRV is now emerging as an additional biomarker for 

dementia.90  However, still unknown is whether the actual decrease in HRV during mid- 

to late-life is associated with worse cognitive performance or cognitive decline, and no 

data for these associations exist in a representative multi-ethnic population.   

To address these gaps in knowledge, we will take advantage of the NIH-

sponsored MESA cohort to investigate the relationship between HRV and cognitive 

performance.  MESA is a large, population-based, multi-site cohort study that is the most 

diverse study of its kind.  Racial/ethnic minorities (African-American, Hispanic, Chinese-

American) comprised 62% of participants at the baseline exam (Exam 1; 2000-2002).  

Importantly, MESA has collected an abundance of detailed phenotypic data that will 

provide the first information on associations between HRV and cognitive performance in 

the context of subclinical and clinical CVD.  These features make MESA an ideal setting 
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for the project outlined in this thesis proposal which will fund this applicant for 1 year to 

enhance his ability to become an independent clinical researcher. 

To produce new knowledge about the relationship of autonomic function to 

cognitive performance in a large, multi-ethnic population, we propose this cross-sectional 

and longitudinal study approved by the MESA Publications and Steering Committees: 

 

Specific Aim: To evaluate associations among indices of antecedent and 

contemporaneous short-term HRV, and cross-sectional and longitudinal cognitive 

performance in a multi-ethnic sample of middle-aged and elderly US adults. 

• Hypothesis 1: Lower HRV values from Exam 1 (2000-2002) and Exam 5 (2010-2012), 

and steeper decline in HRV over 10 years, are associated with worse performance on 

tests of global cognitive function, processing speed, and working memory at Exam 

5, after adjustment for CVD and cognitive risk factors. 

• Hypothesis 2: The magnitude of these associations will differ by specific cognitive 

domain, APOE ε4 allele status, and sex or race/ethnicity. 

 

Impact: These new data will enable us to assess the relationship of a major autonomic 

biomarker to mid- to late-life cognitive ability and trajectory in the context of clinical and 

subclinical CVD risk factors in a multi-ethnic population (Figure 3).  Our approach for 

investigating associations between HRV and cognitive performance is an efficient, high-

yield method to evaluate early risk factors and a novel early biomarker for cognitive 

impairment.  Our results could drive new standards of care for improving HRV through 

exercise,64,65 diet,66,67 meditation,68,69 or drug therapy70,71,91 prior to the onset of clinical 
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CVD or cognitive decline.  Importantly, we will leverage a large NIH investment to yield 

even more information from the MESA cohort, which includes minority populations 

underrepresented in dementia research.   

 

 

 

  

Figure 3: Conceptual model 

of proposed research. 
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Abstract 

Background – Heart rate variability (HRV) is associated with risk factors for worse 

cognition. Our objective was to evaluate associations between HRV and cognitive 

performance in a multi-ethnic sample of older adults. 

 

Methods – In the Multi-Ethnic Study of Atherosclerosis (MESA; N = 3,110; mean age = 

59.3 ± 9.2 years), multivariable linear regression modeled the relationship of HRV to 

scores on tests of global cognitive performance (Cognitive Abilities Screening Instrument 

[CASI]), processing speed (Digit Symbol Coding [DSC]), and working memory (Digit 

Span [DS]). HRV was computed as the standard deviation of normal-normal intervals 

(SDNN) and root mean square of successive differences (RMSSD) at MESA Exam 1 

(2000-2002) and Exam 5 (2010-2012). Cognitive tests were administered at Exam 5. 

 

Results – Exam 1 (β = 0.29 ± 0.13; P = 0.026) and Exam 5 (β = 0.26 ± 0.13; P = 0.042) 

SDNN were associated with CASI performance after adjustment for demographics, risk 

factors, and disease. On the DSC, associations were found with SDNN from Exam 1 (β = 

0.68 ± 0.27; P = 0.012) and Exam 5 (β = 0.62 ± 0.26; P = 0.017), and Exam 5 RMSSD (β 

= 0.57 ± 0.26; P = 0.028). Associations were observed in participants with declining 

SDNN but not among those with stable or increasing SDNN. There were no associations 

between HRV and DS score. 
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Conclusion – HRV is associated with global cognitive performance and processing speed. 

Associations may be stronger in participants who experienced a decline in SDNN over 10 

years of follow-up.  
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Introduction 

Decades of data from epidemiologic studies have revealed that neurocognitive 

disorders, including mild cognitive impairment and Alzheimer’s disease, share midlife 

risk factors with cardiovascular diseases.1,2 The relationship between antecedent cardiac 

autonomic function and cognition is not as well explored despite the association of 

autonomic dysfunction with increased cardiovascular morbidity and mortality,3 abnormal 

prefrontal cortical activity,4 and reduced regional cerebral blood flow.5 Moreover, 

autonomic dysfunction may be present in most forms of dementia or before the onset of 

clinical symptoms.6,7  

Heart rate variability (HRV) is the beat-to-beat fluctuation in normal sinus rhythm 

arising from the interaction between the sympathetic and parasympathetic divisions of the 

autonomic nervous system. HRV computed from electrocardiogram or continuous blood 

pressure monitoring is used as a standard index of cardiac autonomic function, with lower 

HRV indicating worse function.8 Although HRV gradually declines with age, accelerated 

reduction in HRV is an indicator of autonomic dysfunction.9 Lower midlife HRV is 

independently associated with future cardiovascular diseases and mortality,10,11 in 

addition to major vascular risk factors for cognitive decline including hypertension,12,13 

type 2 diabetes,14 and obesity.15 

Whether a direct association exists between HRV and cognitive function has 

received increased attention yet remains unclear. Smaller cross-sectional studies have 

generally reported positive associations between indices of HRV and cognitive 

performance,16,17 whereas larger prospective or longitudinal studies in population-based 

samples have yielded inconsistent results.18-21 However, previous studies differ with 
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respect to specific HRV measures used, cognitive domains studied, and representation of 

the general population.  Furthermore, it is unknown whether longitudinal change in HRV 

during mid- to late-life could provide insight into underlying mechanisms of cognitive 

performance. Identification of novel vascular biomarkers of cognitive impairment may 

facilitate an earlier intervention for dementia during the preclinical phase and prevent 

adverse cardiovascular events that may lead to worse cognition. Therefore, we sought to 

clarify whether cross-sectional and prospective relationships exist between HRV and 

cognitive performance in an ethnically diverse cohort of middle-aged and elderly US 

adults. 

 

Methods 

Study population 

 The Multi-Ethnic Study of Atherosclerosis (MESA) is an ongoing prospective, 

population-based cohort study initiated to track the onset and progression of subclinical 

cardiovascular disease. The enrollment, consent, and phenotyping of MESA participants 

are described in detail elsewhere.22 Briefly, 6,814 male and female participants were 

recruited from six US communities (Baltimore, Maryland; Chicago, Illinois; Forsyth 

County, North Carolina; Los Angeles, California; New York, New York; and St. Paul, 

Minnesota) between July 2000 and September 2002.  Participants were between 45 and 

84 years of age and free of clinical cardiovascular disease at baseline. Participants 

provided informed consent and all procedures were approved by the Institutional Review 

Board of each field center. HRV was computed at MESA Exam 1 (2000-2002) and Exam 

5 (2010-2012). Cognitive testing was administered at Exam 5. The present study focuses 

on the subset of participants with complete HRV data from Exams 1 and 5, and complete 
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and valid cognitive testing. Of 4,716 participants who returned for Exam 5, we excluded 

those with missing (n = 566) or invalid (n = 92) cognitive testing, missing HRV data 

from Exam 1 or Exam 5 (n = 707), missing APOE allele genotyping (n = 199), missing 

covariate or incident cardiovascular event follow-up information (n = 21), and those 

taking dementia medication (n = 21). Accordingly, the present study includes a total 

analytic sample of 3,110 participants. Excluded participants tended to be older, and more 

likely to be white and male (not shown). 

 

Measurement of HRV – Exam 1 and Exam 5 

 HRV was computed using time-domain analysis of three consecutive 10-second, 

12-lead electrocardiograms (ECG). ECGs were obtained by trained technicians using a 

Marquette MAC 1200 instrument (GE Medical Systems, Milwaukee, Wisconsin), as 

previously described.23 All ECGs were digitally transmitted to the MESA ECG reading 

center at Wake Forest School of Medicine (Winston-Salem, NC) and processed using the 

GE Marquette 12-SL program after visual inspection for technical errors and quality. 

ECG tracings with evidence of arrhythmia or ectopic beat were excluded from analysis. 

HRV was quantified from individual durations between normal R-R intervals using two 

time-domain parameters: the standard deviation of normal-normal intervals (SDNN), and 

the root mean square of successive differences of normal-normal intervals (RMSSD). 

SDNN is used as an index of global autonomic regulation of the heart and thus represents 

joint sympathetic and parasympathetic modulation, whereas RMSSD reflects the 

parasympathetic modulation of heart rate.8 SDNN and RMSSD values represent the 

average from the three consecutive 10-second ECGs obtained from participants. Change 
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in HRV from Exam 1 to Exam 5 (ΔSDNN and ΔRMSSD) were calculated as Exam 1 

values subtracted from Exam 5. 

 

Assessment of cognitive performance – Exam 5 

 Cognitive performance was assessed with a battery that included three 

standardized and validated tests to evaluate performance across different cognitive 

domains, previously described in detail.24 The MESA cognitive battery included The 

Cognitive Abilities Screening Instrument (CASI, version 2), the Digit Symbol Coding 

test (DSC), and the Digit Span test (DS, forward and backward). The CASI is a test of 

global cognitive function that contains 25 items representing nine cognitive domains, 

including attention, concentration, orientation, short-term memory, long-term memory, 

language, visual construction, verbal fluency, and abstraction/judgment.25 Scores from 

individual items on the CASI were summed to provide an overall cognitive function 

score (range 0-100). The DSC (range 0-133) and DS forward and backward (range 0-28) 

are subtests of the Wechsler Adult Intelligence Scale III26 and measure processing speed 

and working memory, respectively. Scores on the forward and backward portions of the 

DS were summed to create a total score used in the present analyses. For each test, a 

higher score indicates better cognitive performance. 

 

Measurement of covariates 

 MESA participants reported their age, race/ethnicity, sex, and education level via 

standardized questionnaires administered at Exam 1. Participants self-reported their 

smoking status (never/former or current) and use of antihypertensive medications. 
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Resting brachial systolic blood pressure (mmHg) was measured while seated using a 

standard automated blood pressure device (Dinamap Monitor Pro 100). Body mass index 

(BMI; kg/m2) was calculated using measured height and weight. Physical activity was 

defined as the number of MET minutes per week spent doing intentional leisure time 

exercise. Diabetes was defined as fasting glucose ≥7 mmol/L (126 mg/dL) or use of 

hypoglycemic medication. Symptoms of depression were assessed using the Center for 

Epidemiologic Studies Depression scale (CESD; range 0-60), with a cutoff score of ≥16 

indicating depression.27 Carriage of the APOE ε4 allele (0 vs. 1 or 2 copies), a strong 

genetic risk factor for cognitive decline28 and associated with worse HRV,29 was 

estimated from single nucleotide polymorphisms rs429358 and rs7412 from the 

genotyping conducted in all MESA participants, as previously described.24 Incidence of 

myocardial infarction (MI), heart failure, and stroke/transient ischemic attack (TIA) was 

assessed by telephone interviews every 6 to 9 months or during MESA examinations. 

 

Statistical analysis 

 First, we examined the distribution of RMSSD and SDNN and dichotomized 

participants: those with stable/increased SDNN between Exam 1 and Exam 5, and those 

with decreased SDNN. We then examined the baseline characteristics of the study sample 

in total and stratified by ΔSDNN status (stable/increased vs. decreased from Exam 1 to 

Exam 5). We compared characteristics of participants who declined in SDNN to those 

with stable or improved SDNN using Student’s t-test or the Wilcoxon rank sum test for 

parametric and nonparametric continuous variables, respectively, and Pearson’s chi 

square test for proportions. We then evaluated cross-sectional and prospective 
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associations between HRV indices and cognitive test performance using multivariable 

linear regression. Due to skewed distributions, HRV indices were natural log-transformed 

and standardized when entered into models. Change in HRV values were standardized 

but not natural log-transformed. Two models were constructed: the first (Model 1) was 

adjusted for age, race/ethnicity, sex, and education level; the second (Model 2) was 

additionally adjusted for APOE ε4 allele status, systolic blood pressure, body mass index, 

smoking status, physical activity, use of antihypertensive medication, CESD score, 

diabetes, and incident cardiovascular disease including MI, heart failure, and stroke/TIA. 

We then tested for interaction and stratified analyses by ΔSDNN status (stable/increased 

vs. decreased) to test the a priori hypothesis that individuals whose SDNN decreased 

from Exam 1 to Exam 5, as a reflection of worsening joint sympathetic and 

parasympathetic regulation of the heart,8 would have stronger associations between 

SDNN or RMSSD and cognitive performance. To examine whether the association of 

HRV with cognitive performance differed by age, sex, race/ethnicity, or APOE ε4 allele 

status, we included respective interaction terms in regression models. Analyses were 

performed with JMP Pro version 13.0.0 software (The SAS Institute, Cary, North 

Carolina). Significance testing was two-sided, with P < 0.05 considered significant. 

 

Results 

 Baseline characteristics of the study population in total and by ΔSDNN status (no 

decline vs. decline from Exam 1 to Exam 5) are summarized in Table 1. The mean age of 

the 3,110 participants was 59.3 ± 9.2 years at baseline and 68.7 ± 9.1 years at cognitive 

testing; 55.0% were female; 60.0% of the sample was non-white; 86.2% completed high 
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school. The APOE ε4 allele was carried by 26.8% of the sample. SDNN and RMSSD 

were significantly correlated with each other at Exam 1 (Pearson correlation coefficient 

[r] = 0.93, P < 0.001) and Exam 5 (r = 0.93, P < 0.001). An absolute decline in SDNN 

from Exam 1 to Exam 5 was experienced by 57.8% of participants; 55.7% experienced an 

absolute decline in RMSSD. Participants who experienced an absolute decline in SDNN 

were younger, less likely to be female, more likely to have completed high school, and 

had lower systolic blood pressure. Participants with declining SDNN also scored 

marginally higher on the CASI and DSC. However, these differences vanished after 

adjusting for age, race/ethnicity, sex, and education. Least squares (LS) means estimates 

for the CASI were 87.3 ± 0.2 in those with stable or improved SDNN and 87.4 ± 0.2 in 

those with decreased SDNN (P = 0.618) after adjustment for these factors; LS means 

estimates for the DSC were 51.1 ± 0.4 in those with stable or improved SDNN vs. 51.3 ± 

0.4 in those with decreased SDNN (P = 0.740).  

Tables 2-4 show the prospective and cross-sectional associations between HRV 

and Exam 5 cognitive test score from linear regression models, presented as the 

regression coefficient (β) of standardized natural log-transformed HRV values. Exam 1 

and Exam 5 SDNN were significantly associated with CASI performance after 

adjustment for age, race, sex, and education level. These associations persisted after 

further adjustment for cardiovascular and cognitive risk factors and prevalent disease 

(Table 2). There was no association between Exam 1 or Exam 5 RMSSD and CASI 

score. In contrast, SDNN and RMSSD from Exams 1 and 5 were significantly associated 

with DSC score in Model 1 (Table 3). Exam 1 and Exam 5 SDNN and Exam 5 RMSSD 

remained significantly associated with DSC score after further adjustment for Model 2 
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covariates. There were no significant associations between any HRV measure and DS 

total test score after full adjustment for covariates (Table 4). No significant interactions 

by age, sex, race/ethnicity, or APOE ε4 allele carrier status were found. 

While neither measure of longitudinal change in HRV (ΔSDNN and ΔRMSSD 

continuous) was associated with any cognitive test score, there was evidence of effect 

modification by ΔSDNN status (stable/increased vs. decreased) for Exam 5 SDNN 

(interaction P = 0.009) and Exam 5 RMSSD (interaction P = 0.036) with respect to 

performance on the DSC. Stratified analyses by ΔSDNN status revealed that associations 

between HRV and performance on the CASI and DSC were stronger in participants with 

decreased SDNN (Table 5). 

 

Discussion 

 In this study, we evaluated prospective and cross-sectional associations between 

10-second HRV and cognitive performance in a multi-ethnic cohort of middle-aged and 

elderly US adults. Our findings demonstrate that higher antecedent SDNN was 

significantly associated with better performance on the CASI, a test of global cognitive 

performance, and lower contemporaneous SDNN was associated with a lower CASI 

score. Furthermore, lower contemporaneous SDNN was associated with worse 

performance on the DSC, a test of mental processing speed. Neither measure of HRV was 

associated with the DS total score, an index of working memory, after adjustment for 

demographic and cardiovascular risk factors. Finally, we found that associations among 

HRV indices and cognitive performance were generally stronger in participants who 

experienced an absolute decline in SDNN over the ~10-year period between Exam 1 and 
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Exam 5. Collectively, these results broadly support the hypothesis that HRV is associated 

with specific domains of cognitive functioning, including processing speed and global 

cognitive performance. 

 Our findings are consistent with some previous epidemiologic studies of HRV 

and cognitive performance. For example, results from the Irish Longitudinal Study on 

Ageing showed a cross-sectional association between lower quintiles of SDNN and 

worse performance on the MoCA,19 a test of global cognitive performance. In the 

Sacramento Area Latino Study on Aging, HRV measured as the mean circular resultant 

was cross-sectionally associated with performance on the Mini-Mental State Examination 

in elderly Mexican-Americans.30 Notably, our findings are in agreement with those from 

the Prospective study of Pravastatin in the Elderly at Risk which showed that lower 10-

second SDNN at baseline was associated with worse processing speed (Letter-Digit 

Coding test), but not with immediate or delayed memory recall in an older cohort of 

adults at high risk for cardiovascular diseases (mean age = 75.0 years).20 Our results 

differed from the Coronary Artery Risk Development in Young Adults study, which 

found no relationship between 10-second SDNN and performance on the DSC after 

adjustment for cardiovascular risk factors, possibly due to the younger age of participants 

(mean age = 45.3 years).21 In addition, the Whitehall II study cohort showed no 

consistent cross-sectional or longitudinal associations between HRV and cognitive 

performance in men and women aged ~55 years at baseline cognitive testing.18 However, 

the Whitehall II study is comprised of individuals in stable civil service white-collar jobs 

at baseline, unlike the multi-ethnic MESA cohort which consists of participants across 
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the socioeconomic spectrum. Thus, Whitehall II may not be as representative of the 

general population as MESA, and may be confounded by survival and selection biases. 

 Several mechanisms may link HRV to cognitive performance. The autonomic 

nervous system regulates important cardiovascular functions including the maintenance 

of blood pressure within a normal range to maintain adequate cerebral perfusion.31 

Reduced HRV is associated with poor baroreflex sensitivity, increased blood pressure 

variability, and orthostatic hypotension,32,33 which could contribute to cerebral 

hypoperfusion.34 Increased blood pressure variability is also associated with structural 

brain changes related to hypertension and stroke, including white matter lesions and 

lacunar infarctions.35,36 Given that the brain is at risk of suboptimal perfusion during 

fluctuations in blood pressure37 and greater blood pressure variability may lead to 

microvascular damage,38 it is plausible that reduced HRV may affect cognitive 

performance through mechanisms related to blood pressure dysregulation. Indeed, 

dysfunction of the baroreceptor reflex has been associated with cerebrovascular disease 

and worse cognitive function.39,40 

Midlife risk factors for cardiovascular disease such as hypertension and type 2 

diabetes are proposed to be important precipitants to cognitive decline1,2 and are 

associated with reduced HRV.12,14 Substantial evidence suggests that reduced HRV may 

precede these risk factors,3,41 establishing clinical utility for HRV as a potential 

noninvasive early biomarker of cardiovascular and cognitive risk. Reduced HRV is also 

associated with future cardiovascular events,10 which may result in cognitive 

impairment.42 This may suggest that cardiovascular risk factors and disease mediate the 

association between HRV and cognitive performance. However, we found that 
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associations between HRV and global cognitive function and processing speed persisted 

after adjustment for cardiovascular risk factors and incident disease, demonstrating that 

these factors do not account for the observed associations. In contrast, we found that only 

Exam 5 SDNN was associated with the DS (forward and backward) test after adjusting 

for age, race, sex, and education level, but this association was diminished after further 

adjustment for risk factors and disease. This indicates that HRV is not associated with 

working memory in this sample, consistent with the finding that vascular risk factors are 

more strongly related to processing speed than to memory.42  

 Neurodegenerative changes during dementia may also influence cardiac 

autonomic function via altered autonomic pathways in the insular cortex and 

brainstem.43,44 For example, insular lesions are associated with cardiac arrhythmias, 

reduced HRV, and increased cardiac mortality.45 Alzheimer’s disease pathology exhibits 

a hierarchical progression that includes the insular cortex and brainstem during the 

preclinical stage of the disease before a dementia diagnosis can be made.46 Therefore, 

disruption to central autonomic nuclei secondary to preclinical Alzheimer pathology is a 

possible explanation for reduced cardiac autonomic function in nondemented elderly 

persons, suggesting that autonomic dysfunction may be a novel biomarker of early 

dementia-related neurodegenerative changes. 

We did not observe any consistent associations between RMSSD and cognitive 

performance. Unlike SDNN, which represents joint sympathetic and parasympathetic 

regulation, RMSSD primarily reflects only parasympathetic activity.8 Therefore, it is 

possible that cognitive performance is in part a reflection of the sympathetic and 

parasympathetic nervous systems acting simultaneously. 
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We further observed that associations between HRV and CASI and DSC scores 

were stronger in participants who experienced an absolute decline in SDNN between 

Exams 1 and 5 compared to participants with stable or increasing SDNN. This may 

suggest that the relationship between HRV and cognitive performance is modified by 

whether HRV declined over time. Alternatively, the relationship between HRV and 

cognitive performance may not be present when HRV is already very low. Although 

there were no differences with respect to incident cardiovascular disease between groups 

(Table 1), reduced SDNN over this ~10-year period may point to worsening subclinical 

vascular health, which may correspond to worse cognitive performance.47 

 

Study Limitations  

Our study has several limitations that should be considered. Cognitive testing was 

not conducted at MESA Exam 1 so we were unable to assess the association of change in 

cognitive performance with antecedent and contemporaneous HRV. Furthermore, we 

cannot discount the possibility that cognitive and autonomic function are impacted 

concurrently during early dementia-related neuroanatomical changes. The MESA 

cognitive test battery was not a comprehensive assessment of cognitive function. The DS 

test captures working memory performance but not other dimensions of memory (e.g. 

delayed recall, which is among the memory domains most affected by Alzheimer’s 

disease), so we cannot conclude that there is no relationship between HRV and memory. 

Moreover, the DS is not a test of delayed recall, which may be a better metric for 

assessing working memory.48 Another potential limitation is the 10-second duration of 

ECG recordings from which HRV measures were derived. Guidelines for the 
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measurement of HRV recommend obtaining ECG recordings of at least several minutes 

in length,8 whereas the HRV indices in MESA were computed from three consecutive 10-

second ECGs. The repeatability of 10-second HRV is lower compared to HRV derived 

from 5- and 10-minute recordings. However, repeatability was found to improve 

considerably when using the mean from two or three records.49 In addition, the 

prognostic validity of 10-second HRV has been demonstrated with respect to incident 

cardiovascular disease within MESA.23 Despite adjusting our regression models for 

potential demographic, cardiovascular, and cognitive confounders, we cannot discount 

the possibility of residual confounding. For example, analyses did not include incident 

diseases such as atrial fibrillation, which may be in the causal pathway between HRV and 

cognitive performance. Finally, the interpretability of our results may be limited due to 

the stratification of analyses into groups by SDNN status. Strengths of our study include 

a large, multi-ethnic sample, repeated measures of two indices of HRV, and three 

cognitive tests to assess performance across multiple cognitive domains. 

  

Conclusions 

To conclude, our findings reveal associations between HRV and global cognitive 

performance and processing speed independent of cardiovascular risk factors and disease. 

These associations were observed in an ongoing multi-ethnic cohort of middle-aged and 

elderly adults free of baseline cardiovascular disease. Our findings were consistent across 

racial/ethnic groups and support the use of HRV as an additional early biomarker of 

future and contemporaneous cognitive performance, particularly in individuals who 

experience a midlife decline in HRV. Identifying novel early biomarkers for cognitive 
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impairment provides an opportunity to improve targeted preventive strategies for 

dementia during the middle- and late-life period. Future studies are needed to examine 

the association between HRV and change in cognitive performance over time, and to 

elucidate underlying brain pathways connecting autonomic function to cognitive 

performance. 
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Clinical Perspective 

What is new? 

 In a multi-ethnic cohort of middle-aged and elderly adults, HRV measures were 

prospectively and cross-sectionally associated with performance on tests of global 

cognitive performance and processing speed. 

 Associations between HRV and cognitive performance were stronger in participants 

who experienced an absolute decline in HRV over 10 years of follow-up. 

 

What are the clinical implications? 

 Short-term HRV may have utility as a non-invasive, early biomarker of cognitive 

performance.  
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Table 1. MESA participant baseline (2000-2002) characteristics by ΔSDNN status. 

  SDNN decline  

 Total No Yes  

Characteristics (N = 3110) (n = 1312) (n = 1798) P value 

Age, years, mean ± SD 59.3 ± 9.2 59.9 ± 9.4 58.7 ± 9.1 <0.001 

Female, n (%) 1709 (55.0) 753 (57.4) 956 (53.2) 0.020 

Race, n (%)    0.243 

   White 1244 (40.0) 502 (38.3) 742 (41.3)  

   African-American 718 (23.1) 313 (23.9) 405 (22.5)  

   Hispanic 751 (24.1) 316 (24.1) 435 (24.2)  

   Chinese American 397 (12.8) 181 (13.8) 216 (12.0)  

Education, high school or higher, n (%) 2680 (86.2) 1107 (84.4) 1573 (87.5) 0.014 

APOE ε4 allele carriage, n (%) 832 (26.8) 346 (26.4) 486 (27.0) 0.712 

Systolic blood pressure, mmHg, mean ± SD 123.4 ± 20.1 124.4 ± 20.3 122.7 ± 20.0 0.008 

BMI, kg/m2, mean ± SD 28.1 ± 5.2 28.1 ± 5.2 28.1 ± 5.2 0.914 

Total physical activity, MET-min/week, median 
(IQR) 

4470.0 
(2257.5, 8040.0) 

4575.0 
(2280.0, 8040.0) 

4410.0 
(2233.1, 8101.9) 

0.897 

Depression, CESD ≥ 16, n (%) 356 (11.5) 156 (11.9) 200 (11.1) 0.531 

Smoker, n (%) 386 (12.4) 150 (11.4) 236 (13.1) 0.169 

Treatment for hypertension, n (%) 980 (31.5) 437 (33.3) 543 (30.2) 0.066 

Diabetes 306 (9.8) 129 (9.8) 177 (9.8) 0.999 

Incident disease, n (%)     

   MI 99 (3.1) 37 (2.8) 62 (3.5) 0.353 

   Heart failure 68 (2.2) 28 (2.1) 40 (2.2) 0.902 

   Stroke/TIA 119 (3.8) 53 (4.0) 66 (3.7) 0.636 

HRV, ms, median (IQR)     

   Exam 1 SDNN 19.4 (13.2, 27.9) 15.4 (10.5, 21.3) 23.5 (16.3, 32.7) <0.001 

   Exam 5 SDNN 17.6 (11.9, 26.2) 24.1 (16.9, 36.4) 14.2 (9.8, 20.0) <0.001 

   Exam 1 RMSSD 21.0 (14.0, 32.0) 17.0 (12.0, 24.0) 24.0 (17.0, 38.0) <0.001 

   Exam 5 RMSSD 19.7 (13.0, 30.7) 27.2 (18.2, 43.0) 16.1 (10.9, 23.3) <0.001 

Exam 5 (2010-2012) cognitive tests, mean ± 
SD         

CASI 88.1 ± 8.2 87.7 ± 8.3 88.4 ± 8.2 0.031 

DSC 51.4 ± 18.4 50.7 ± 18.4 52.0 ± 18.4 0.051 

DS (total) 15.3 ± 4.6 15.2 ± 4.6 15.3 ± 4.5 0.371 

   BMI: body mass index; CASI: Cognitive Abilities Screening Instrument; CESD: Center for Epidemiological Studies 
Depression scale; DSC: Digit Symbol Coding test; DS: Digit Span test; IQR: interquartile range; MESA: Multi-Ethnic 
Study of Atherosclerosis; MI: myocardial infarction; RMSSD: root mean square of successive differences; SD: standard 
deviation; SDNN: standard deviation of normal-normal intervals; TIA: transient ischemic attack 

   P values represent Student's t-test or Wilcoxon rank sum for continuous variables and Pearson chi-square for 
categorical variables. 
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Table 2. Associations between HRV and Exam 5 CASI scores from linear regression models. 

 Model 1 Model 2 

  
β (SE) P value β (SE) P value 

SDNN     

   Exam 1 0.33 (0.13) 0.011 0.29 (0.13) 0.026 

   Exam 5 0.29 (0.13) 0.021 0.26 (0.13) 0.042 

   Change -0.08 (0.12) 0.517 -0.07 (0.12) 0.558 

RMSSD     

   Exam 1 0.20 (0.13) 0.135 0.16 (0.13) 0.221 

   Exam 5 0.20 (0.13) 0.119 0.16 (0.13) 0.193 

   Change -0.05 (0.12) 0.660 -0.06 (0.12) 0.629 

Model 1 adjusted for age, race, sex, and education level. 

Model 2 additionally adjusted for APOE ε4 allele status, systolic blood pressure, CESD score, smoking status, 
BMI, physical activity, antihypertensive medication use, diabetes, and incident MI, heart failure, and stroke/TIA. 

 

β represents regression coefficients for standardized, natural log-transformed HRV values. 

BMI: body mass index; CASI: Cognitive Abilities Screening Instrument; CESD: Center for 
Epidemiological Studies Depression scale; HRV: heart rate variability; MI: myocardial infarction; 
RMSSD: root mean square of successive differences; SDNN: standard deviation of normal-normal 
intervals; SE: standard error; TIA: transient ischemic attack. 
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Table 3. Associations between HRV and Exam 5 DSC scores from linear regression models. 

 Model 1 Model 2 

  
β (SE) P value β (SE) P value  

SDNN      

   Exam 1 0.99 (0.27) <0.001 0.68 (0.27) 0.012  

   Exam 5 0.89 (0.26) <0.001 0.62 (0.26) 0.017  

   Change -0.26 (0.26) 0.320 -0.25 (0.25) 0.324  

RMSSD      

   Exam 1 0.70 (0.27) 0.010 0.43 (0.27) 0.115  

   Exam 5  0.79 (0.26) 0.003 0.57 (0.26) 0.028  

   Change -0.17 (0.26) 0.499 -0.17 (0.25) 0.510  

Model 1 adjusted for age, race, sex, and education level. 

Model 2 additionally adjusted for APOE ε4 allele status, systolic blood pressure, CESD score, smoking status, 
BMI, physical activity, antihypertensive medication use, diabetes, and incident MI, heart failure, and stroke/TIA. 

 

β represents regression coefficients for standardized, natural log-transformed HRV values. 

BMI: body mass index; CESD: Center for Epidemiological Studies Depression scale; DSC: Digit 
Symbol Coding test; HRV: heart rate variability; MI: myocardial infarction; RMSSD: root mean square of 
successive differences; SDNN: standard deviation of normal-normal intervals; SE: standard error; TIA: 
transient ischemic attack. 
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Table 4. Associations between HRV and Exam 5 DS total scores from linear regression models. 

 Model 1 Model 2 

  
β (SE) P value  β (SE) P value  

SDNN       

   Exam 1 0.13 (0.08) 0.094  0.08 (0.08) 0.314  

   Exam 5  0.18 (0.07) 0.013  0.14 (0.07) 0.051  

   Change 0.05 (0.07) 0.451  0.06 (0.07) 0.397  

RMSSD       

   Exam 1 0.11 (0.08) 0.135  0.06 (0.08) 0.399  

   Exam 5 0.12 (0.07) 0.106  0.09 (0.07) 0.207  

   Change 0.07 (0.07) 0.358  0.07 (0.07) 0.292  

Model 1 adjusted for age, race, sex, and education level. 

Model 2 additionally adjusted for APOE ε4 allele status, systolic blood pressure, CESD score, smoking 
status, BMI, physical activity, antihypertensive medication use, diabetes, and incident MI, heart failure, 
and stroke/TIA. 

 

β represents regression coefficients for standardized, natural log-transformed HRV values. 

BMI: body mass index; CESD: Center for Epidemiological Studies Depression scale; DS: Digit Span 
(forward and backward) test; HRV: heart rate variability; MI: myocardial infarction; RMSSD: root mean 
square of successive differences; SDNN: standard deviation of normal-normal intervals; SE: standard 
error; TIA: transient ischemic attack. 
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Table 5. Prospective and cross-sectional associations between HRV and Exam 5 cognitive test scores in 

participants who declined in SDNN from Exam 1 to Exam 5 and participants who did not decline. 

  CASI DSC DS 

  β (SE) P value β (SE) P value β (SE) P value 

SDNN decline (n = 1798)             

   Exam 1 SDNN 0.39 (0.18) 0.034 1.13 (0.39) 0.003 0.09 (0.10) 0.395 

   Exam 5 SDNN 0.39 (0.19) 0.040 1.55 (0.40) <0.001 0.15 (0.11) 0.136 

   Exam 1 RMSSD 0.16 (0.18) 0.372 0.75 (0.37) 0.044 0.02 (0.10) 0.827 

   Exam 5 RMSSD 0.22 (0.19) 0.249 1.31 (0.40) 0.001 0.05 (0.11) 0.617 

No SDNN decline (n = 1312)          

   Exam 1 SDNN 0.21 (0.23) 0.375 0.10 (0.46) 0.831 0.04 (0.13) 0.750 

   Exam 5 SDNN 0.30 (0.22) 0.168 -0.05 (0.43) 0.908 0.21 (0.12) 0.090 

   Exam 1 RMSSD 0.13 (0.23) 0.569 -0.16 (0.46) 0.735 0.10 (0.13) 0.451 

   Exam 5 RMSSD 0.21 (0.21) 0.302 0.09 (0.41) 0.827 0.17 (0.12) 0.154 

   β represents regression coefficients for standardized, natural log-transformed HRV values adjusted for 
age, race, sex, education level, APOE allele status, systolic blood pressure, CESD score, smoking 
status, BMI, physical activity, antihypertensive medication use, diabetes, and incident MI, heart failure, 
and stroke/TIA. 

   BMI: body mass index; CASI: Cognitive Abilities Screening Instrument; CESD: Center for 
Epidemiological Studies Depression scale; DSC: Digit Symbol Coding test; DS: Digit Span test; HRV: 
heart rate variability; MI: myocardial infarction; RMSSD: root mean square of successive differences; 
SDNN: standard deviation of normal-normal intervals; SE: standard error; TIA: transient ischemic attack. 
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Abstract 

Objective – To examine the relationship of antecedent HRV with global cognitive 

performance repeated after 6 years in a multi-ethnic sample of older adults. 

 

Methods – In a subset of participants from the Multi-Ethnic Study of Atherosclerosis 

(MESA) with repeated cognitive testing (N = 1,463; mean age = 57.3 ± 8.3 years; 55% 

female), multivariable linear regression was used to study the association between HRV 

and performance on the Cognitive Abilities Screening Instrument (CASI) at MESA Exam 

6. HRV was computed as the standard deviation of normal-normal intervals (SDNN) and 

root mean square of successive differences (RMSSD) at Exam 1 (2000-02) and Exam 5 

(2010-12). The CASI was administered at Exam 5 and repeated at Exam 6 (2016-18). 

 

Results – In the total sample, Exam 5 RMSSD was inversely associated with Exam 6 

CASI score (β = -0.37 ± 0.17; P = 0.026), such that higher Exam 5 RMSSD was 

associated with worse Exam 6 CASI performance, after adjustment for Exam 5 CASI 

score and cardiovascular risk factors. No other HRV measure from Exam 1 or Exam 5 

was associated with Exam 6 CASI performance. Significant interactions by sex were 

found; however, stratified analysis failed to reveal any significant associations between 

HRV and Exam 6 CASI score in either sex. 

 

Conclusion – Results from this study with longitudinal HRV and cognitive performance 

suggest that HRV measured concurrently with baseline cognitive performance may be 
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inversely associated with repeated global cognitive performance measured after 6 years 

in this multi-ethnic population of aging men and women.  
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Introduction 

 Vascular disorders are emerging as key modifiable risk factors for Alzheimer’s 

disease and related dementias.1,2 Indeed, clinical cardiovascular diseases (CVD) are 

strongly associated with cognitive decline,3 turning the focus toward vascular risk factor 

reduction as a preventive strategy.4 However, less is known about which specific vascular 

factors influence cognition and cognitive decline in late life.  

 Cardiac autonomic dysfunction is strongly associated with incident CVD5 and 

neurologic abnormalities associated with dementia including altered prefrontal cortical 

activity6,7 and impaired regional cerebral perfusion.7,8 Yet, its association with cognitive 

decline is largely unexplored. Heart rate variability (HRV), the temporal variation in 

normal sinus rhythm, is a standard noninvasive index of cardiac autonomic function.9 

Reduced midlife HRV, indicating poor cardiac autonomic tone, often precedes major 

CVD risk factors that are associated with cognitive decline including hypertension,10,11 

type 2 diabetes,12 and obesity.13 

 In Chapter 2 of this Thesis, we demonstrated that HRV as an antecedent and 

cross-sectional measure was associated with cognitive performance measured at a single 

time point in the Multi-Ethnic Study of Atherosclerosis (MESA). In this study, we sought 

to determine the association between HRV and subsequent cognitive performance 

repeated in a subset of participants 6 years later under the hypothesis that lower or 

reduced antecedent HRV would be associated with worse cognitive performance over 6 

years of follow-up in the MESA cohort. 
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Methods 

Study population 

 The objectives and design of the MESA cohort study are described in detail 

elsewhere.14 Briefly, MESA is an ongoing, prospective, population-based cohort study 

initiated to track the progression of subclinical CVD in middle-aged and elderly adults. 

The baseline population included 6,814 male and female participants aged between 45 

and 84 years from six US communities (Baltimore, MD; Chicago, IL; Forsyth County, 

NC; Los Angeles, CA; New York, NY; and St. Paul, MN). Participants were free of 

clinical CVD at baseline. Participants provided informed consent and all procedures were 

approved by the Institutional Review Board of each field center. HRV was measured at 

the baseline (Exam 1, 2000-02) and fifth (Exam 5, 2010-12) examinations. Cognitive 

testing was administered to all participants at Exam 5 and repeated in a subset at Exam 6 

(2016-18). The present study focuses on the subset of participants who received repeated 

cognitive testing at Exam 6 (N = 1,982), drawn from a MESA ancillary study on 

individuals with high or low risk for atrial fibrillation. We excluded participants with 

Exam 5 or Exam 6 cognitive tests deemed invalid or incomplete by an administrator (n = 

140), missing Exam 1 or Exam 5 HRV data (n = 286), missing APOE genotyping (n = 

75), missing baseline covariate or incident event follow-up data (n = 16), and those taking 

medication to treat dementia (n = 2). Accordingly, the final analytic sample included 

1,463 participants with complete and valid cognitive testing at Exam 5 and 6, HRV data 

from Exam 1 and 5, and complete covariate data. 
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Measurement of HRV – Exam 1 and Exam 5 

HRV was computed using time-domain analysis of three consecutive 10-second, 

12-lead electrocardiograms (ECG). ECGs were obtained at all study sites by trained 

technicians using a Marquette MAC 1200 instrument (GE Medical Systems, Milwaukee, 

Wisconsin) and transmitted to the MESA ECG reading center at Wake Forest School of 

Medicine (Winston-Salem, NC). ECGs were processed using the GE Marquette 12-SL 

program after visual inspection for technical errors and quality, as previously described.15 

ECG tracings with evidence of arrhythmia or ectopic beat were excluded from analysis. 

HRV was quantified from individual durations between normal R-R intervals using two 

time-domain parameters: the standard deviation of normal-normal intervals (SDNN), and 

the root mean square of successive differences of normal-normal intervals (RMSSD). 

SDNN is used as an index of global autonomic regulation of the heart and thus represents 

joint sympathetic and parasympathetic modulation, whereas RMSSD reflects the 

parasympathetic modulation.9 SDNN and RMSSD values represent the average from the 

three consecutive 10-second ECGs obtained from participants.  

 

Assessment of cognitive performance – Exam 5 and Exam 6 

 The Cognitive Abilities Screening Instrument (CASI), a test of global cognitive 

performance,16 was administered to MESA participants at Exam 5 and repeated in a 

subset of participants from a MESA ancillary study in participants at high or low risk of 

atrial fibrillation at Exam 6. The CASI contains 25 items that represent nine cognitive 

domains, including attention, concentration, orientation, short-term memory, long-term 

memory, language, visual construction, verbal fluency, and abstraction/judgment.17 
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Scores on individual items were summed to provide an overall global cognitive score 

ranging from 0 to 100, with a higher score indicating better performance. 

 

Measurement of covariates 

 MESA participants reported their age, race/ethnicity, sex, and education level via 

standardized questionnaires administered at Exam 1. Participants self-reported their 

smoking status (never/former or current) and use of antihypertensive medications. 

Resting brachial systolic blood pressure (mmHg) was measured using a standard 

automated blood pressure device (Dinamap Monitor Pro 100). Body mass index (BMI; 

kg/m2) was calculated using measured height and weight. Physical activity was defined 

as the number of self-reported MET-minutes per week spent doing intentional leisure 

time exercise. Diabetes was defined as fasting glucose ≥7 mmol/L (126 mg/dL) or use of 

hypoglycemic medication. Symptoms of depression were assessed using the Center for 

Epidemiologic Studies Depression scale (CESD; range 0-60), with a cutoff score of ≥16 

indicating depression.18 Carriage of the APOE ε4 allele (0 vs. 1 or 2 copies), a strong 

genetic risk factor for cognitive decline,19 was estimated from single nucleotide 

polymorphisms rs429358 and rs7412 from the genotyping conducted in MESA 

participants, as previously described.17 Incidence of myocardial infarction (MI), heart 

failure, and stroke/transient ischemic attack (TIA) was assessed by telephone interviews 

every 6 to 9 months or during follow-up MESA examinations. 
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Statistical analysis 

 First, we examined the baseline characteristics of the study sample with repeat 

cognitive testing (N = 1,463) and compared characteristics with the total sample with 

Exam 5 cognitive testing (N = 3,110). Normally distributed continuous variables were 

described as means ± SD and compared between participants who declined in CASI score 

and those whose CASI score remained stable or improved using Student’s t-test. Non-

normally distributed variables were described as median and interquartile range (IQR) 

and compared using Mann-Whitney tests. Categorical variables were compared using chi 

square tests. Multivariable linear regression was used to assess the relationship between 

HRV indices and absolute Exam 6 CASI score values. Two models were constructed: the 

first (Model 1) was adjusted for age, race/ethnicity, sex, education level and Exam 5 

CASI score; the second (Model 2) was additionally adjusted for APOE ε4 allele status, 

systolic blood pressure, body mass index, smoking status, physical activity, use of 

antihypertensive medication, CESD score, diabetes, and incident cardiovascular disease 

including MI, heart failure, and stroke/TIA. Due to skewed distributions, HRV indices 

were natural log-transformed and standardized when entered into models. To examine 

whether associations differed by race/ethnicity or sex, respective interaction terms were 

included in models. Analyses were performed with JMP Pro version 13.0.0 (The SAS 

Institute, Cary, NC). Significance testing was two-sided, with P < 0.05 considered 

significant. 

 

Results 
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Baseline characteristics of the study population are outlined in Table 1. The mean 

baseline age of the subsample with repeat cognitive testing at Exam 6 (N = 1,463) was 

57.3 ± 8.3 years (range 44-82), 800 (54.7%) were female, and 827 (56.5%) were non-

white. SDNN and RMSSD declined from Exam 1 to Exam 5 in 58.8% and 57.3% of 

participants, respectively. CASI scores were stable or increased from Exam 5 to Exam 6 

in 52.8% of participants. Exam 5 CASI was significantly associated with Exam 6 CASI 

(β = 0.68 ± 0.02, P < 0.001; Pearson r = 0.60, P < 0.001) in an unadjusted model. 

Compared with the total sample with Exam 5 cognitive testing (N = 3,110), the 

subsample with repeat cognitive testing at Exam 6 was significantly younger, and more 

likely to be white and completed high school. The subsample generally had a more 

salubrious risk profile, with lower baseline systolic blood pressure, lower prevalence of 

smoking and diabetes, and lower incidence of heart failure and stroke/TIA. HRV values 

from Exam 1 and Exam 5 were higher in the subsample compared with the total sample, 

and the subsample had a higher baseline (Exam 5) mean CASI score. 

 Associations between Exam 1 and Exam 5 HRV indices and Exam 6 CASI score 

are summarized in Table 2. In Model 1 (adjusted for age, race/ethnicity, sex, education 

level, and Exam 5 CASI score), no HRV measure from Exam 1 or Exam 5 was 

significantly associated with a lowerExam 6 CASI score. After further adjustment for 

additional confounders of cardiovascular and cognitive health (Model 2), higher Exam 5 

RMSSD was significantly associated with Exam 6 CASI score (β = -0.37 ± 0.17; P = 

0.026) such that higher Exam 5 RMSSD was associated with worse Exam 6 CASI 

performance. 
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 Significant interactions by sex were found for Exam 1 SDNN (interaction P = 

0.003) and Exam 1 RMSSD (interaction P = 0.048) with respect to Exam 6 CASI score. 

However, stratified analysis by sex (Table 3) did not reveal significant associations 

between any Exam 5 or Exam 6 HRV measure and Exam 6 CASI score in either sex. No 

interactions by race/ethnicity were observed. 

 

Discussion 

 In this longitudinal multi-ethnic cohort, we examined the relationship of 

antecedent HRV to global cognitive performance repeated after 6 years. Our main finding 

was that RMSSD from MESA Exam 5 was modestly, inversely associated with Exam 6 

CASI score after adjustment for Exam 5 CASI score, cardiovascular risk factors, APOE 

allele status, and incident cardiovascular disease. 

 Previously, we demonstrated that HRV was prospectively and cross-sectionally 

associated with cognitive performance measured at a single time point (Exam 5) within 

MESA. Specifically, we showed that Exam 1 and Exam 5 SDNN were positively 

associated with the Exam 5 CASI score, consistent with work by others demonstrating 

cross-sectional or prospective relationships between HRV and global cognitive 

performance.20-22 These results were broadly in agreement with additional work showing 

associations between HRV and specific cognitive domains including processing speed 

and executive function.23,24 However, less work has focused on whether HRV is 

associated with longitudinal cognitive data. To our knowledge, only two previous 

epidemiologic studies by others have examined the relationship of HRV to change in 

cognitive performance during mid- to late-life,23,25 showing that lower HRV is associated 
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with steeper declines on tests of processing speed and verbal meaning, respectively. In 

contrast, there appears to be little evidence of an association between HRV and repeated 

cognitive performance in the population we studied. However, neither previous study 

utilized a test of global cognitive performance as we did in our study, so results may not 

be directly comparable. These previous studies demonstrate the need to examine 

associations between HRV and change in cognitive performance beyond the CASI to 

explore more specific cognitive domains, including executive function, processing speed, 

and working memory. 

 HRV may be linked to cognitive performance through several mechanisms. One 

possible pathway is through increased blood pressure accompanying or following decline 

in HRV,20 but we did not observe associations between change in HRV and Exam 6 

cognitive performance before or after adjusting for systolic blood pressure. Reduced 

HRV is also a risk factor for heart disease, which is associated with cognitive decline.26 

In a study of HRV and cognitive performance in the Whitehall II cohort, there was the 

suggestion of a stronger relationship between HRV and cognitive function in a sub-group 

of participants with angina or myocardial infarction.25 This warrants further study in a 

larger sample with coronary artery disease.  

 Reduced HRV is associated with hypoactivity of the prefrontal cortex, which may 

disturb global cognitive performance.7 The prefrontal cortex is able to modulate HRV 

through autonomic pathways in the insular cortex, amygdala, and brainstem.27 

Abnormalities in this cortico-subcortical inhibitory circuit may reflect impairments in 

neuropsychological phenomena such as cognitive function and physiologic processes 

such as HRV. Thus, it is surprising that the majority of our study population experienced 
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a decline in HRV yet also a stable or increased CASI score (Table 1). This may reflect 

regression toward the mean with respect to the CASI.  

Also surprising is the negative directionality of the association between Exam 5 

RMSSD and Exam 6 CASI performance in our study, suggesting that higher 

parasympathetic HRV from 6 years prior is associated with a worse Exam 6 CASI score. 

Stratified analyses by sex suggest that this relationship is driven primarily by men. 

However, we did not observe an association between RMSSD and Exam 5 CASI 

performance previously, so whether the present result is a statistical anomaly or result of 

selection biases is unclear. Further study of the neural pathways connecting HRV to 

cognitive performance in a more representative population may bring new insights to the 

observed associations. 

 

Study limitations 

 Several limitations in our study are worth considering. Our study sample 

consisted of a subset of MESA participants who returned for the sixth examination and 

had all antecedent HRV data available, suggesting the possibility of survival and 

selection biases. This may explain the preservation of cognitive performance over 6 years 

in the sample and contradictory results. Furthermore, HRV was computed from ECG of 

only 10 seconds in duration, precluding us from investigating more sophisticated 

measures of HRV.9 Although ECGs with evidence of arrhythmia were excluded from 

HRV processing, it is likely that some cases were undetected because of the short record, 

especially considering that some participants were at high risk for atrial fibrillation. 

Finally, the CASI is not a comprehensive cognitive test, so it is possible that HRV may 



63 

 

be more strongly associated with various subdomains of cognitive function such as 

processing speed and executive function, as we showed in our previous study. These 

domains will be investigated in future studies that are better powered to detect significant 

associations between HRV and cognitive performance. 

 

Conclusions 

 Our findings generally do not support our hypothesis of associations between 

antecedent HRV and repeated global cognitive performance in a multi-ethnic sample of 

middle-aged and elderly adults. The modest inverse relationship we observed between 

Exam 5 RMSSD and Exam 6 cognitive performance may be driven primarily by men. 

Continued follow-up and further cognitive testing as study participants continue to age 

may verify the potential role of midlife HRV in predicting cognitive performance. 

 

 

Future Directions 

 As shown by data in this Thesis and by others,22-24 there appears to be a 

relationship between short-term HRV and cognitive performance independent of 

cardiovascular risk factors. However, there is little evidence that HRV is associated with 

decline in global cognition over time. Opportunities to address limitations of the present 

and previous work, such as potential measurement error in short-term HRV and limited 

sensitivity of cognitive testing, will soon be available within MESA and other cohorts. 

For example, a subset of MESA participants were outfitted with single-lead Zio Patch 

devices (iRhythm Technologies) to record 24-hour continuous ECG data and were 

administered the extensive Uniform Data Set (UDS) cognitive test battery, enabling the 



64 

 

study of more detailed metrics of autonomic and cognitive function. The limited 

sensitivity of the cognitive tests in the present studies is a major limitation that can be 

mitigated in future work by the use of more sensitive cognitive tests, such as those used 

in the UDS. For example, no previous investigation of the association between HRV and 

cognitive performance has examined episodic or semantic memory abilities, which are 

critical for recognizing a trajectory to AD. 

 Emerging data suggest a strong relationship between vascular risk factors and the 

presence of imaging biomarkers for AD,28,29 yet to our knowledge no studies have 

explored whether there is an independent link between autonomic function and AD brain 

biomarkers. Therefore, we propose to study the relationship of autonomic function, 

derived from long-term (~2-week) continuous ECG monitoring via Zio Patch, and AD 

imaging biomarkers, including Aβ deposition and presence of WHM lesions as revealed 

by brain MRI/PET imaging. This approach will require the development of novel, 

innovative signal processing techniques to reduce noise and improve the reliability of 

cardiac autonomic measures extracted from long-term ECG recordings. Thus, it may be 

possible to relate various subdomains of autonomic function (e.g. resting vs. active HRV) 

to detailed indices of cognitive function and preclinical AD imaging biomarkers. Results 

of the proposed studies may help define optimal targets for mid-life HRV obtainable 

through lifestyle30,31 or drug intervention,32,33 and provide preliminary data for future 

studies to investigate autonomic mechanisms of cognitive decline potentially including 

MRI studies of autonomic function and brain white matter integrity, polysomnographic 

studies of autonomic function during sleep, and in vivo studies of autonomic function in 

animal models of AD.  
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Table 1. Baseline characteristics of the subset with repeat cognitive testing compared to the total 
sample. 

 

Subset with 
Repeat 

Cognitive 
Testing 

Total Sample 
(Exam 5 Cognitive 

Testing Only)  

Characteristics (N = 1463) (n = 3110) P value 

Age, years, mean ± SD 57.3 ± 8.3 59.3 ± 9.2 <0.001 

Female, n (%) 800 (54.7) 1709 (55.0) 0.864 

Race, n (%)   <0.001 

   White 636 (43.5) 1244 (40.0)  

   African-American 387 (26.5) 718 (23.1)  

   Hispanic 270 (18.5) 751 (24.1)  

   Chinese American 170 (11.6) 397 (12.8)  

Education, high school or higher, n (%) 1322 (90.4) 2680 (86.2) <0.001 

APOE ε4 allele carriage, n (%) 394 (26.9) 832 (26.8) 0.899 

Systolic blood pressure, mmHg, mean ± SD 121.3 ± 19.6 123.4 ± 20.1 <0.001 

BMI, kg/m2, mean ± SD 28.2 ± 5.4 28.1 ± 5.2 0.604 

Physical activity, MET-min/week, median (IQR) 
4620.0 

(2355.0, 8115.0) 
4470.0 

(2257.5, 8040.0) 
0.479 

Depression, CESD ≥ 16, n (%) 152 (10.4) 356 (11.5) 0.289 

Smoker, n (%) 143 (9.8) 386 (12.4) 0.009 

Treatment for hypertension, n (%) 418 (28.6) 980 (31.5) 0.044 

Diabetes 104 (7.1) 306 (9.8) 0.003 

Incident disease, n (%)    

   MI 37 (2.5) 99 (3.1) 0.218 

   Heart failure 13 (0.9) 68 (2.2) 0.001 

   Stroke/TIA 33 (2.3) 119 (3.8) 0.006 

HRV, ms, median (IQR)    

   Exam 1 SDNN 20.5 (14.3, 29.7) 19.4 (13.2, 27.9) <0.001 

   Exam 5 SDNN 18.9 (12.4, 27.5) 17.6 (11.9, 26.2) 0.006 

   Exam 1 RMSSD 22.0 (15.0, 33.0) 21.0 (14.0, 32.0) 0.001 

   Exam 5 RMSSD 20.5 (13.5, 31.9) 19.7 (13.0, 30.7) 0.071 

Exam 5 CASI (mean ± SD) 89.9 ± 7.0 88.1 ± 8.2 <0.001 

Exam 6 CASI (mean ± SD) 90.0 ± 7.9 - - 

Change in CASI (mean ± SD) 0.2 ± 6.7 - - 
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Table 2. Associations between HRV and Exam 6 CASI scores. 

 Model 1 Model 2 

  β (SE) P value β (SE) P value 

SDNN      
   Exam 1 0.04 (0.17) 0.790 -0.03 (0.17) 0.831 

   Exam 5 -0.20 (0.17) 0.234 -0.26 (0.17) 0.120 

RMSSD     
   Exam 1 -0.06 (0.17) 0.716 -0.13 (0.17) 0.438 

   Exam 5 -0.31 (0.17) 0.058 -0.37 (0.17) 0.026 

Model 1 adjusted for age, race, sex, education level, and Exam 5 CASI score. 

Model 2 additionally adjusted for APOE ε4 allele status, systolic blood pressure, CESD score, 

smoking status, BMI, physical activity, antihypertensive medication use, diabetes, and incident 
myocardial infarction, heart failure, and stroke/TIA 

β represents regression coefficients for standardized, natural log-transformed HRV values. 

BMI: body mass index; CASI: Cognitive Abilities Screening Instrument; CESD: Center for 
Epidemiological Studies Depression scale; HRV: heart rate variability; RMSSD: root mean 
square of successive differences; SDNN: standard deviation of normal-normal intervals; SE: 
standard error; TIA: transient ischemic attack 
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Table 3. Associations between HRV and Exam 6 CASI scores by sex. 

 

 Women (n = 800) Men (n = 663)  

  β (SE) P value β (SE) P value Interaction P 

SDNN       

   Exam 1 0.27 (0.23) 0.251 -0.33 (0.23) 0.156 0.003 

   Exam 5 -0.17 (0.24) 0.479 -0.34 (0.22) 0.120 0.212 

RMSSD      

   Exam 1 0.07 (0.23) 0.764 -0.28 (0.23) 0.229 0.048 

   Exam 5 -0.29 (0.23) 0.215 -0.44 (0.22) 0.051 0.374 

β represents regression coefficients for standardized, natural log-transformed HRV values adjusted for 

age, race/ethnicity, sex, education level, Exam 5 CASI score, APOE ε4 allele status, systolic blood 

pressure, CESD score, smoking status, BMI, physical activity, antihypertensive medication use, 
diabetes, and incident myocardial infarction, heart failure, and stroke/TIA 

BMI: body mass index; CASI: Cognitive Abilities Screening Instrument; CESD: Center for 
Epidemiological Studies Depression scale; HRV: heart rate variability; RMSSD: root mean square of 
successive differences; SDNN: standard deviation of normal-normal intervals; SE: standard error; TIA: 
transient ischemic attack 
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